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Abstract
Over use of chemical inputs and exploitation of natural resources have degraded 
our ecosystem to a large extent. Our water bodies are drastically affected, especially 
due to the impact of heavy metal loading. The biomagnification that results from 
these difficult to degrade metals is naturally affecting the human health. The physi-
cal and chemical methods commonly employed for water purification are not only 
highly expensive but also further aggravate the pollution problem. Hence, all efforts 
must be taken to exploit the emerging green technology approach in pollution 
remediation. Several aquatic plants have specific affinity towards heavy metals and 
they flourish well in this contaminated environment. The common mechanisms of 
phytoremediation and varied type of aquatic plants with high remediation potential 
are reviewed in this chapter.
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1. Introduction
Industrialization, urbanization and over exploitation of precious natural 
resources have resulted in much degradation of our environment. The dire need 
for promotion of intensive cultivation to satisfy primary human needs led to over 
dependence on chemical resources. This in turn, caused much degradation to our 
ecosystem mainly through environmental pollution. Among the natural resources, 
the worst affected are water resources. 97% of hydrosphere is covered by saltwater, 
leaving only mere 3% fresh water, of which hardly 1.5% is available for ready use 
[1]. The entire world is relying on this meager resource for daily consumption, 
irrigation, industrial purposes, power and other diverse uses. Injudicious human 
activities including disposal of sewage and wastes have caused great impact on 
water bodies all over the world. Wetlands act as sink for contaminants and thereby 
reduce the impact of point and non-point sources of pollution [2]. But drastic 
reduction in water inflow has been resulted due to fragmentation of water bodies 
and irreversible conversion to satisfy human needs.
Heavy metal pollution in water bodies is a serious environmental problem, 
threatening not only the aquatic ecosystems, but also human health. Over the years, 
the main sources of metal pollution have shifted from mining and manufacturing to 
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rock weathering and waste discharge [3]. There are several reports on the deleteri-
ous effects of biomagnification of heavy metals within aquatic organisms and its 
impact on human nervous, reproductive and cardio vascular systems [4]. Disposal 
of plastic wastes, batteries, fertilizer materials, untreated industrial effluents etc. 
releases heavy metals including Cd into the aquatic environment which causes 
several causalities like osteoporosis, kidney failure, infertility and improper brain 
development. Globally, majority of surface water bodies are highly polluted with 
heavy metals like As, Co, Cr and Ni, with levels exceeding WHO and USEPA 
guideines and have evoked much concern among the government agencies and 
public [5].
As heavy metals are non-biodegradable, removal of these metals from the 
aquatic system is the only remedy available for decontamination [6]. The conven-
tional methods usually employed to remove the metals from a polluted system 
like coagulation, flocculation, osmosis, stabilization etc. are highly expensive. In 
addition, they further aggravate deterioration with the release of chemicals being 
used and hence these methods are not at all environmentally safe [7, 8]. But, a new 
method of decontamination employing green plants is fast emerging, referred as 
phytoremediation, which is specifically suited for wetland restoration. The plants 
growing in the contaminated areas will absorb the elements from the sediment/soil/
water by roots. The absorbed elements travel from root through cell sap and finally 
get precipitated in vacuole or cell membrane, thereby reduces the level of contami-
nants in sediment/soil/water [9]. Such aquatic plant species and adsorbents can be 
included in land management plans to reduce human risks. This method is relatively 
cheap and very successful over other methods [10].
2. Phytoremediation: a bio-decontamination approach
The concept of extraction of metals by macrophytes was actually given by 
Chaney [11]. Efficiency of macrophytes to extract metals from contaminated site 
depends on the metal hyperaccumulation capacity and biomass production. The 
selection of particular plant species for phytoremediation depends on the following 
characteristics:
i. native to the particular ecosystem.
ii. well flourishing nature and high biomass yield.
iii. ability to uptake large amount of metals.
iv. transportation of metals to aboveground plant portion.
v. mechanism to tolerate metal toxicity.
In addition, factors like pH, light intensity and nutrient availability influ-
ences the plant growth and thus, phytoremediation potential [12–16]. Agronomic 
practices for soil and crop management and improved genetic engineering tech-
nologies to enhance metal tolerance and translocation can affect the remediation 
mechanism. Exsituas well asinsitu methods of phytoremediation are there:exsitu 
method involves excavation of contaminated soil followed by its treatment and 
also shifting the soil for land filling;insitu method is less laborious and more 
cost effective and commonly employs mechanisms like phytoextraction and 
 phytostabilization [17].
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3. Mechanisms of phytoremediation
Depending upon the process by which plants/microbes are removing or reducing 
the toxic effect of contaminants from the soil and water, phytoremediation technol-
ogy can be broadly classified as follows:
a. Phytoextraction or phytoaccumulation –This refers to the uptake and trans-
location of metal contaminants in the soil by plant roots with subsequent 
transport to the aerial plant organs. Certain plants called hyperaccumulators 
absorb unusually large amounts of metals in comparison to other plants and 
concentrate them in the aerial portions [11, 18–20].
b. Phytosequestration–The phytochemicals that are released into the rhizosphere 
may form complex association with the contaminants, sequestering them in 
the root zone and thus reducing their mobility This prevents further transport 
to soil, water and air. The complexation can also occur with the aid of trans-
port proteins on root surface or through sequestration in the vacuoles of root 
cells [21].
c. Rhizofiltration - It is the adsorption or precipitation of contaminants onto 
plant roots or absorption into the roots that are in solution surrounding the 
root zone. The acclimatized plants against contamination are planted in the 
contaminated area and the roots extract the contaminants along with water. As 
the roots become saturated with contaminants, they are harvested and inciner-
ated [22–25].
d. Phytodegradation or phytotransformation– Here, organic pollutants are con-
verted by internal or secreted enzymes into compounds with reduced toxicity. 
The metabolic processes, with the aid of enzymes within the plant or secreted 
externally, result in the degradation of pollutants and may be incorporated into 
the plant tissues or used as nutrients [20, 26, 27].
e. Rhizodegradation–Microbial activity in the rhizosphere results in the break-
down of contaminants, leading to their phytoremediation. Compared to phy-
todegradation it is a much slower process. Microflora (yeast, fungi, or bacteria) 
utilize the organic substrates for nutrition and energy [28, 29].
f. Phytostabilization–The particular plant species involved helps in the immobili-
zation of contaminants through absorption and accumulation by roots, adsorp-
tion onto roots, or precipitation within the root zone. This results in reduction 
in mobility of contaminants and migration to ground water or air is blocked, 
which in turn hinders their bioavailability [30, 31].
g. Phytovolatalization –It is the uptake and transpiration of contaminant by a 
plant, with the release of that contaminant or its modified form to the atmos-
phere. In this process, the soluble contaminants are taken up along with water 
by the roots, transported to the leaves, and volatized into the atmosphere 
through the stomata. For eg., volatilization of mercury (Hg) by conversion to 
the elemental form in transgenic Arabidopsis and yellow poplars containing 
modified bacterial mercuric reductase (merA) [32–34].
Among the different methods of phytoremediation, phytoextraction by hyper-
accumulators is the most efficient one as it helps in removal of the phytoextracted 
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biomass from contaminated sites. But phytoremediation cannot be used as a pri-
mary treatment method for highly contaminated areas with heavy metals like Cd, 
Zn, Cr and Pb, because of the prolonged time taken for the complete clean up. The 
dominant families that include hyperaccumulators are Asteraceae, Brassicaceae, 
Caryophyllaceae, Cyperaceae, Cunouniaceae, Fabaceae, Flacourtiaceae, Lamiaceae, 
Poaceae, Violaceae, and Euphobiaceae. Brassicaceae has the largest number of taxa 
viz. 11 genera and 87 species. Thlaspi species are known to hyperaccumulate more 
than one metal viz.,T. caerulescence - Cd, Ni, Pb, and Zn; T. goesingense - Ni and 
Zn and T. ochroleucum - Ni and Zn and T. rotundifolium - Ni, Pb and Zn. Aquatic 
plants in freshwater, marine and estuarine systems act as receptacle for several 
metals. Several aquatic macrophyteslikeEichhorneacrassipes, Hydrillaverticillata, 
Typhaangustata, etc. can remove Zn, Cu, Pb, Ni and Cd from lakes and maintain 
water quality.
4. Phytoremediation by aquatic macrophytes
Aquatic macrophytes constitute a group of taxonomically diverse macroscopic 
plants whose life cycle takes place completely or periodically in the aquatic envi-
ronment. They play a dominant role in maintaining the ecosystem biodiversity, 
represented by 33 orders and 88 families, numbering about 2614 species in 412 
plant genera. The wide adaptation in their growing habits help them to classify as 
emergent, floating-leaved, free-floating, submerged and marginal plants [35, 36].
i. Emergentmacrophytes: They grow in shallow littoral waters and form aerial 
leaves, suited for life in environments where the soil is saturated with water 
(wetlands, marshes, swamps, flooded areas), and their root and rhizome 
systems are often adapted for constantly anaerobic sediments, rooted in the 
lake bottom, but their leaves and stems extend out of water.
ii. eg. Phragmitesaustralis, Typhaaugustifolia, Limnocharisflava.
iii. Floating-leavedmacrophytes: Their roots are attached to the ground and 
possess floating or aerial reproductive organs eg. Nymphaea sp., Nupharlutea, 
Potamogetonnatans.
iv. Free floatingmacrophytes:They float on the surface of pond with roots hang-
ing in water and possess well developed root system or very short roots. The 
reproductive organs of these plants are floating and aerial. Eg. L. minor, Eich
horneacrassipes,Salviniamolesta.
v. Submergedmacrophytes: Such plants complete their life cycle fully under the 
water surface. Some are rooted plants with most of their vegetative portion 
below the water surface. eg. Vallisneria sp., Myriophyllum sp.
vi. Marginalmacrophytes:They grow around the margins where the water is 
shallow. Eg. Rhizophorasp., Cyperus sp.
In the given Table 1, some common aquatic macrophytesand their specificity for 
particular elements are detailed.
These macrophytes have the ability to concentrate metals both in the root and 
aerial parts, without causing any toxic symptoms on plant growth. In general, 
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the submerged and floating macrophytes have the potential to accumulate more 
metals than emergent ones. Rhizofiltration offers much scope in the purification 
of heavily contaminated precious water resources, a big boon for eco restoration of 
aquatic systems.
5. Indices to estimate hyperaccumulation potential
The hyperaccumulation potential of macrophytesare determined primarily 
based on two indices viz.,bio concentration factor (BCF) and translocation factor 
(TF). BCF is defined as the ability of a plant to accumulate a particular metal in its 
plant part with respect to its concentration in the soil substrate while TF is the ratio 
of metal concentration in shoot to that in the root. BCF more than oneindicates 
that the plant is an accumulator while less than one, means the plant is an excluder. 
Hyperaccumulators are plants that contain more than 10,000 mg kg−1 of Zn and 
Mn; 1000 mgkg−1 of Cu, Cr, Pb, Ni, Co and 100 mg kg−1 of Cd and other rare 
 metals, in the dry matter [75].
Macrophyte group Plant species Heavy/toxic metal References
Emergent L. flava Pb [37]
Pb, Cd [38–40]
Fe [41]
Typha sp. Al [42, 43]
R. fluitans Pb, Mn and Zn [44]
Scirpus sp Pb [45, 46]
C. esculenta Pb, Cd [40, 47]
Floating-leaved N. nucifera Cd [48, 49]
Nymphaea sp. Pb, Cd [50, 51]
Free floating Eichhornea crassipes Al,Pb, Cd, Fe, S [49, 52–61]
P. stratiotes Al, Fe [52, 62]
Salvinia polyrrhiza Fe [53, 62]
Azollapinnata Cd [63]
Submerged C. demersum Pb [64]
Potamogeton scrispus Pb, Cd [65]
V. spiralis Al, Fe, Si, Mn, Pb [66, 67]
H. verticillata Al, Fe, Si, Mn [66]
A. pinnata Al, Fe, Si, Mn [66]
R. rotundifolia Pb [46]
Myriophyllum intermedium Pb [46]
Marginal Cynadonsp. Al, Pb, Cd, Fe [68–72]
Commolina bengalensis Fe, Al [68]
A. philoxeroides Pb [56, 73]
S. trilobata Pb [40, 74]
Table 1. 
Common aquatic macrophytes and their phytoremediation potential.
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A high value for TF indicate the efficiency of the plant to translocate metals 
from the root to shoot and such plants (TF > 1) are referred as hyperaccumula-
tors. They possess the phytoextraction ability to remove contaminants from the 
growth medium to the above ground portions and the biomass can be uprooted and 
removed. Aquaticmacrophytes, especially floating macrophytes, have the potential 
to concentrate metals more in the roots. Based on BCF and TF, the hyperaccumula-
tion potential of E. crassipesand A. philorexoidesfor Cd has been proved beyond 
doubt, whereas higher BCF and lower TF is an indication of phytostabilisation 
effect eg. L. flava and C. dactylon.
6. Mechanisms of heavy metal tolerance by macrophytes
Accumulation of heavy metals inside the plant body results in certain physi-
ological changes and synthesis of certain enzymes to tolerate the metal stress. 
Major changes that occur inside the plant cell to activate metal absorption include 
enhancement in the bioavailability of metal in the rhizosphere region leading to 
an increased uptake of metal towards the plasma membrane. Inside the cell wall, 
chelation of metal may occur by binding with various proteins like phytochelatin 
or, metallothionein or form a bond with the cell wall or get sequestered into the cell 
vacuole [76, 77].
Acidification of rhizosphere by the action of plasma membrane proton pumps 
and secretion of ligands capable of chelating the metal helps in desorption of metals 
from the soil matrix. Soluble metals can enter into the root symplast by crossing the 
plasma membrane of the root endodermal cells or they can enter the root apoplast 
through the space between cells. Excluder plants survive by enhancing specific-
ity for the essential element or pumping the toxic metal back out of the plant. On 
reaching the xylem, the metal will get transported alongwith xylem sap towards 
the leaves and get deposited there. The cell tissue where the metal get deposited, 
vary with the hyperaccumulator species as shown by T. caerulescens and Arabidopses 
halleri - T. caerulescens has preferential adsorption for Zn in the epidermis over 
mesophyll cells while the reverse for Arabidopses halleri [78].
At any point along the pathway, the metal could be converted to a less toxic form 
by chemical conversion or complexation. Various oxidation states of toxic elements 
have very different uptake, transport, and sequestration or toxicity characteristics 
in plants. Two major chelating peptides present in plants include metallothioneins 
and phytochelatins. Sequestration of metals in sites away from where the cellular 
processes are likely to be get disrupted will result in their deposition. The most 
prominent site is cell vacuole, for that metal or metal- ligand complex must cross 
the vacuolar membrane. Metal ions may also get bonded with negative charges on 
cell wall leading to their sequestration in the cell wall.
7. Conclusions
It is high time that the water bodies be conserved for ecological sustenance and 
well-being of the future generation. Aquatic plants can play a vital role in the puri-
fication of contaminated lakes, rivers and ponds, which make them fit for human 
consumption and irrigation purposes. The nature and extent of amelioration varies 
with particular plant species. They are specifically adapted to tolerate heavy/ toxic 
metal concentration in their ecosystems.
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